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a piezo actuator. Tins patent application also describes a method for producing such an 
> e< '.^ o ^ >r s oe 
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' v etuaioo re km wa Uta ua \w b » v lack ol s?ru d ceramic 

layers, aru : ue\-n.'al dechvd e P ape Ka^ c-. r wem 1 he nnerma ehva.ibex art- n\.n'w 
from a mixture of saver ami palladium, i he ceramic layers cmaam a cemmie based on 
lead zirconium thauakr whseh has a piezoelectric eficct because of its ferroelectric 
properties. Because of the piezoelectric effect, the ceramic expands when electrical 
p-fesshJ a, pnweut. .m fha; u :s ooWMo to make acoumm hvm su-..h a main hue; 
ceramic. 

Also present in the known piezo aen.;ators are outer electrodes, which are applied 
i m io one lateral lace of the base body and contact the internal electrodes. 

replace the materia! of the internal electrodes and the materia! of the outer electrode with, 
copper. Irs known piezo aemators, the outer electrode has the farm of a continuous layer. 
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1 l< tkna o l v outer ek-ctrodo ^ ^ suitable f-r outer cdeso-ies <\ak -.a copper. 
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A piexo actuator produced in this manner is subjected, in the course of its use, to a 
multitude oi mechanical strains, which in turn lead to shearing forces between the base 
body and the outer electrode. Because of the relatively high strength of the copper 
electrode, these ackiitioTint loads result m the damage thai, arises when ike thermal load 
spreads across the surface of the boundary layer and leads to detachment of the outer 
a * a , c or be * -vd 

SUMMARY 
IN - \ >, ^ , \ -a i u, us, ^ \ 
dtere tin > t.K e <.>u ck\ur> hie ts r^. 
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base body eors tains a stack, of stratified ceramic layers, and internal electrodes lying 
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contacting interna! electrodes. 

0 OvitO"* c\ - i s 

5 provided. 

results ! ars intended Sear point at das location, at which the tensile > , compressive 

10 shea- nig forces of the OiUes ekvueee aeanm the Wise ivJ\ aic selhcseat e^due*. a tea 

through iht yer at the ended eai >oh \s vs\ e she in on the 

entire layer can be significantly reduced, since die tensile and compressive forces feat 
k<k\ik esht g oad along the ayerorakmgthe.su ux <. " se hoc < ( ! 

' t „ esc d! _ * - i a IlC... 
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Indentations, 

s v t^c c> a ^ re sn v , „. v ^ ^u <. c n 
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indentation. As a result, in a sense a tear is provided aiready when the outer electrode is 
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prod s voh eat s 

el icns;!c and compressive forces over long distances. 

t l 'v. Co > . Cnm ' i \ ^ i-\ xUi^b 

s \mthi i I thai the outer dec d; reapplied ec iroccs 

hod « «. . , - ^ ^ ^ 

10 . v ^ * v * <, v<o v > v v v >v This 

is benetfoun because the electrical muhibaya' component can be used as a piezo actuator. 

\ piezoelectric c reel is obtained, for example, ihs uugh the ust of a ceramic based 

>• Is < 
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'The indentations ;;an ran in ihc form of troughs, with aha troughs copending atony a 

{ i > 0 ^ > v ' O. ' svN v O.'ov > 

i C' a w «. ^ -. U? s ^ s s co . <. 

' o vv s >. , >. „ o ' ^ v. 1 ^ v. - , ew ^ 

20 internal electrode thai runs along the corresponding outer surface of the stack can bo 
contacted. 
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This means that the angle a takes on a value that is other than 0 and 180°. 

It is possible to ads amagecmssJ> arrange a plural it> ■ I indentations at equal 

! !», . <. \ t, is v vs < s v>,vK ii jv s < r OvOU" 1 sa N * s 
force. 

. i v a <s v a .a- 1 ■> a v. . ^ a ' i , ^ 

Furthermore, it is > kaitatiorvs s such a way 

that they form a periodically recurring structure (for example a rhombus or square). 

in order. 10 promote the function of die indentation as sn intended tear poml it is 
advantageous for the minim urn layer thickness at the point of the indentation to be a 

f. n <. n >, u 1 v 1 k i \ s j 

constant. 

c,u ' w .at <a , t» , > 1 v " 
o star \ v e \ Oe 
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Applying the outer electrode in the form «.>: paste has me benefit 

that by using appropriate screeri-printing masks; a reliable and imiiotm arrangement of 
mdcn::a:<uw eras he achieved. 
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■avc ,os<m " . „d h \ k v'K. s <\> ,eso< > 

^'iu!l> ha, oven w ev > ok era- as o?e 1 aav^o screen- 

printing paste. 

In addition, a method for producing -a electrical in aid-layer component is 
specified thai, includes the following: 

' y > , . x > > a, x CvUeaeaa v ^ ates 

electrodes lying between them, and with an outer electrode placed on a lateral face of the 
base a wa : . he contacting alteram] electrodes, which has the fonn i layer and in which at 
ic ee ana ah >: . ?><n s pro\ idea 
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. u: m \ o o\ . irii.- shearing bad, because iff the , v - v tear points or akeady 
esris ears former, j > 5 n, Uk up cict en \ electn < v s 

reduced, 



! 1 *p o i:v- ' m.u...-r.ko . daptod to thdr par' vc! r \ vo ; eormaim 
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take piece m sokierme. 
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component, lor example a piezo actuator, ai temperatures of up to 1 5tr C\ such as occur 
V: ex amp i c eon o>- \ e u s< - 1 u i (.chic 
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corresponding figures. 

5 DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an ex npie of an elector aubidaye c \\ ... - ematic 

i sss ; 

Figure 2 shows an additional embodimeiii of an outer electrode. 
Figaro 3 shows different profiles of shearing haw- \Mh a ewvonuoao and an 
;0 inierrunteJ ww vOWOode 

Fignre 4 shows indentations in the fono of troughs. 
Figure S shows indentations arranged along a regular grid. 
Figure 6 shows an example of an electrical multi-layer component with an 
uuermediate layer formed as. the edge of the base body. 

IS; 

DETAILED DESCRIPTION 
Figure i shows a pteoo actuator, with a hase body 1 that secludes , stack la of 

s <! > c iv v 1 v 5v ^ 

20 are thus located on the right and left sides of Figure 1 , respectively. The interna! 

v e v 1 c c > s v ^ *o \i 1 u 

^ v'^S (U v v vS S i S v ! 
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x nog s\ o s . ;\\ to Tuck Is 

5 'M-\>0\ x_ x<. S Sp _x 1 x v 'M 

contacting internal electrodes h Fhe outer eleetrcxk 5 ^Indentations* t cars be ;een 

V Xx U X i v. i X x' ■) > K 

H'.-Jll,!',^,', \ , ix.x x v x O 't 

10 essem ail> c nst m la><; I n i e * d, which means that in the^ „\n d\x . ^ > ; • ^ u,x ^ 
d vanes by less than 10%. It can also be seen from the detail ot'Figore I that the 

v < a \iv " v v. ->i\ 1 ?c <. v.^ w- ! o-s ' s 

when the outer electrode is applied by a screen printing process. Since otherwise the 

' v t 5 i ' \ > u . > t s ! v K x, > 

IS ns -erect uibs'Rvnp tg pasu 

The nremnam kg or thickness d :: . ;n ihc area <Ti:Te;Uaboo o should be no snore 
N >x x v n ^ i rv w j ' .o'u>\ noi Jv 5^ cee 

possible to guarantee the intended tear point. 

2(5 

An t ox embodiment >s shown in Figure 2. There, the outer electrode 5 on 
he fate x - < v i < s mtc k i ' x t >s < ns 
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has the ad\ amatic that and 1 

have to tearonl) at the 1 nation ■ i tk intend* ! tea; pod t bul that : c ni rmp ions 

va^O «vs 1 o ^ s a\ > ^ . ^ s > „ lv \ <„ai~^ 

{>>.v aU- k e.o ; d ai no H--r ! iyure ?} 

; < , !i!V i evphntv :he enec* -Vj* interrupt ar. eori, e .rir^k 5 has on the 
shearing forces N occur s She case for example of a deflected pi ceo actuator. To ' > 
>> s <, vs K $ >se \LJo. h ^io ^ "\ •> . » 1 so - 

defleetK>nofthe pi ezo actuate s rep res ented schematic y by doable arrows O 
top side ofba.se body i , a continuous outer electrode 5a is shown. On the bottom of the 
dco acnoj v\e "(\-\ 1 \ P re iu > * } <> is 

? \n\ i > , > < c o-n scc\en If one considers the same tensile stress for die 
) ui n-de a d UK dnvtrouka ekvLreJ ^ oh 

arrovs sp this produces the p a showo beioo 

< V * i U lv ' S V 1 

brnoa cise boi c nuoirs oiuer ek 

c 00 II do bos the oronk ^ rMicvso 

U ( . -v. ^ , v. V V . v v N 

^ I t , v Si vO i W> , V ' ' S ^ 

\i - £ c cr he - -vs los t r <>utci 
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s \ n :e ol- 

eics rot - - i v * s S i of the cmrpicd outer elect otk 

Sk the tensile or compressive stress can only add up over a shorter distance, which leads 

V \ M S \ S v. S ^ AS < - 'v. 

to* k e \ ' \ ' ' ^ 0' h 

5 v. u nUi' Ji. * ■, v N b v I <. i 

pulling on vee .vuneeied io k uuer ekerrodc 5k <u~ ah k ■ pSuralhy i ekdkebons 
of the -pmzo actuator. 

\ fr.ouahk mnAmje oaith f is around 2no una A h ratal kua dncknessd 
to * v . » o v v \ st , io , sci ss around 15 - 25 m 

v \ t >. ! H ^ ! i - i U ! ' ^ v Kv N v. 1 

running along a longitudinal axis 7. Figure 4 is a top view of an example of an outer 
electrode 5. in addition, Figure 6 shows lines 8 that symbolize the profi le of the internal 

15 ekurouks < e^ anyone uu- u> I- kmc : . The l^ncuudnuii axe* " ran e^ann nk p-trnM u; 

k a s „ i n \ < he 

result is b$ a e\er> ^e^aU internal akebvde. lepre-euTd k. ka n - o v aned In * as 
, * >E> \ v < 1 r< ,e- 'kv\voo , s. . < „ . c ^ N ! ^e- 

e^sfek' so s-e-ese •> a s ! uue-na. eSw-'o ale s c .-a.eted k t k o.axn 

;?0 electrode 5 or by areas 14 oaks an essentially constant layer kickaess oidhe outer 

electrode 5. 
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Figure 5 shows a lop view of another exemplary embodimen!' for a structured 
ei e vAo\^ > V , «w v .>~e ^ w o x , 

square grid. 

WH uk ;.v'«c> srp.x c 1 ew i > } t 

improve the \ ; v > bonding of the outer electrode 5 to the base body ! . Depending 
oo the glass oo used and depending on the ceramic used, • depending on the .winno of 
adeahoud pmce-.w pammcie< > 0 e m eccus thai the glass ho wren an mier mediate ho, or 
0 h iog ben\ oo 1 oaie ohvnode 5 nv t , s , 

^ > Kl IJi I )Je tonsOw 'igtk 

problem of tbs. dors a i\ separation of the outer electrode 5, theintermed tte ayer 9 

> i x s ) , ,\ >»» v, io the base bod> i.--o.\ \ee~ "> m ex a 6. 
netadmiem pa wwes max lake pUv.c between me oute? electrode ^ end iho intermediate 
layer 0. 

, v s , < - > v. > . v ^ ' 1 \v ^ -v 
example, of thin wires, and which are connected to the outer electrode 5 by soldering. 

oe^i ' \y , ^ , > 1 \ ^ f < mr „_ . v> v - x -eso ts <n 
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capacitors. 

What b claimed is: 



•rraOo end rncdaab described herein are nor limited io u;*e ;n r; 
ay be applied to all multi-layer u ^ h> tor example also 
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